Background: Ipilimumab has proven to be effective in metastatic melanoma patients. The purpose of this study was to determine the efficacy of ipilimumab in advanced melanoma patients who showed progressive disease upon experimental dendritic cell (DC) vaccination. Methods: Retrospective analysis of 48 stage IV melanoma patients treated with ipilimumab after progression upon DC vaccination earlier in their treatment. DC vaccination was given either as adjuvant treatment for stage III disease (n D 18) or for stage IV disease (n D 30). Ipilimumab (3 mg/kg) was administered every 3 weeks for up to 4 cycles. Results: Median time between progression upon DC vaccination and first gift of ipilimumab was 5.4 mo. Progression-free survival (PFS) rates for patients that received ipilimumab after adjuvant DC vaccination, and patients that received DC vaccination for stage IV melanoma, were 35% and 7% at 1 y and 35% and 3% at 2 y, while the median PFS was 2.9 mo and 3.1 mo, respectively. Median overall survival of patients pre-treated with adjuvant DC vaccination for stage III melanoma was not reached versus 8.0 mo (95% CI, 5.2-10.9) in the group pre-treated with DC vaccination for stage IV disease (HR of death, 0.36; p D 0.017). Grade 3 immune-related adverse events occurred in 19% of patients and one death (2%) was related to ipilimumab. Conclusions: Clinical responses to ipilimumab were found in a considerable number of advanced melanoma patients with progression after adjuvant DC vaccination for stage III disease, while the effect was very limited in patients who showed progression after DC vaccination for stage IV disease.
Introduction
Melanoma is the most deadly form of skin cancer. 1 Before 2011, systemic treatment for advanced melanoma consisted only out of chemotherapy (typically dacarbazine) and, in some countries interleukin-2 (IL-2), but both options have a minimal effect on survival. 2 However, since 2011, multiple new drugs have been approved by the Food and Drug Administration (FDA) and European Medicines Agency (EMA). These new therapeutics include the checkpoint inhibitors ipilimumab, nivolumab and pembrolizumab, and the targeted agents vemurafenib, cobimetinib, dabrafenib and trametinib. [3] [4] [5] [6] [7] [8] [9] Furthermore, multiple other treatments, among which dendritic cell (DC) vaccination, are still under investigation. 10 With the growing field of treatment options for melanoma, it is of vital importance that patients receive a personalized treatment-schedule, in which action-mechanisms and toxicity-profiles are considered.
Over the past years, we have treated stage III and stage IV melanoma patients with DC vaccination in different trials. [11] [12] [13] DCs are the most efficient antigen-presenting cells of the immune system due to their capacity to activate and prime na€ ıve T cells, and may therefore play a vital role in anticancer immunotherapy. DCs can be isolated directly from patient's blood, or differentiated ex vivo from precursor cells, activated, loaded with tumor antigens and then injected into patients. 14, 15 Although tumor-specific immune responses were found in stage IV melanoma patients treated with DC vaccination monotherapy, long-lasting clinical responses were rare. 13, 14, 16 Compared to patients with stage IV disease, tumor-specific immune responses were found in a higher percentage of stage III melanoma patients receiving DC vaccination, and in a retrospective analysis a significant increase in overall survival (OS) was found compared to matched controls receiving only surgery. 11 However, despite the presence of tumor-specific T cells after DC vaccination, a portion of stage III patients developed recurrent disease. Different immune-escape mechanisms, like immunosuppressive cytokines, regulatory T cells and myeloid derived suppressor cells (MDSCs) in the tumor microenvironment, may play a role in the occurrence of recurrent or progressive disease despite the presence of tumor-specific CD8 C T cells. 17, 18 Furthermore, immune checkpoint molecules that downregulate pathways of T cell activation, like cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and programmed death 1 (PD-1) may hamper potent tumor eradication by activated T cells. 3, 6 Ipilimumab, a fully human monoclonal antibody that blocks CTLA-4, has proven to be effective in metastatic melanoma. Pooled analysis of phase 2 and 3 trials recently showed a median OS of 9.5 mo and a plateau at 21% in the survival curve beginning approximately 3 y after start of ipilimumab. 19 A considerable portion of patients treated with ipilimumab is affected by immune-related adverse events, but most are reversible when treated appropriately. 20 Based on their mechanism of action, DC vaccination and ipilimumab might be complementary to each other, either when given concomitantly, or when ipilimumab is given to patients as a subsequent treatment after progression on DC vaccination. These patients may have developed a tumor-specific T cell response on DC vaccination which was not strong enough for disease control, because of the immunosuppressive mechanisms mentioned before, but which could be enhanced by ipilimumab. Pierret and colleagues were the first to suggest a potential correlation between prior DC vaccination and clinical outcome in advanced melanoma patients treated with ipilimumab in a retrospective analysis of a small patient cohort. 21 Yuan and colleagues determined the effect of ipilimumab on antigenspecific responses following DNA or protein vaccination in three melanoma patients. Their patients generated weak to no antigen-specific CD4
C or CD8 C T cell responses following vaccination, but they experienced a clear antigen-specific T cell response after ipilimumab treatment, indicating that ipilimumab might have enhanced T cells induced by vaccination. 22 The aim of this retrospective study was to explore the clinical effect of ipilimumab in advanced melanoma patients with progressive disease after DC vaccination.
Results

Patients and treatment
Among 48 melanoma patients who progressed after DC vaccination included in this study, 18 patients were treated with adjuvant DC vaccination after radical lymph node dissection for stage III melanoma and 30 patients received DC vaccination for stage IV melanoma. Patient characteristics are shown in Table 1 . Median progression-free survival (PFS) of DC vaccination was 14.0 mo for stage III patients and 4.0 mo for patients with stage IV disease. Included among these patients were 4 patients (8%) with M1a disease, 10 patients (21%) with M1b disease and 34 patients (71%) had M1c disease at the start of ipilimumab. The median time between progressive disease on DC vaccination and the first cycle of ipilimumab was 5.4 mo for the whole study population. Half of the stage III patients (n D 9) previously treated with adjuvant DC vaccination received ipilimumab as a first line treatment for advanced melanoma, partly because initially ipilimumab was not yet registered as first line treatment. In the group treated with DC vaccination for stage IV melanoma, ipilimumab was given as second (47%), third (50%) or fourth (3%) line of systemic treatment. A total of 34 patients (71%) completed all four cycles of ipilimumab. The most frequent reason for discontinuation of ipilimumab was disease progression (62%). Clinical efficacy of ipilimumab after progression on DC vaccination
Patients were followed for up to 84.1 mo after start of ipilimumab, with a median follow-up time until death or censoring of 9.2 mo. The median PFS of ipilimumab in all patients was 3.1 mo (95% confidence interval (CI), 2.4-3.7) and it was comparable in stage III patients pre-treated with adjuvant DC vaccination and patients who received prior DC vaccination for stage IV disease (2.9 mo vs. 3.1 mo). The PFS rates for ipilimumab in the group pre-treated with adjuvant DC vaccination for stage III disease, and the group pre-treated with DC vaccination for stage IV melanoma, were 35% and 7% at 1 y and 35% and 3% at 2 y ( characteristics correlated with OS in an univariate Cox proportional-hazards analysis: line of systemic treatment of ipilimumab, baseline serum lactate dehydrogenase (LDH), brain metastases before start of ipilimumab, and the stage of disease in which DC vaccination was administered ( Table 2 ). The line of systemic treatment of ipilimumab, baseline LDH, and brain metastases before start of ipilimumab remained to correlate with OS in a multivariate Cox proportional-hazards model (all p < 0.01). Thirty-three patients with normal baseline serum LDH at the start of ipilimumab showed a significant longer OS (Fig. 1B) .
The disease control rate (the proportion of patients with a partial response, complete response or stable disease) of the whole study population was 35%. The group pre-treated with adjuvant DC vaccination for stage III disease had a best objective response rate of 22% (three complete responses and one partial response) and a disease control rate of 44% on ipilimumab. The four patients with an objective response showed an ongoing PFS ranging from 10.5 to 84.1 mo. In the group pretreated with DC vaccination for stage IV melanoma, the best objective response rate was 10% (all partial responses) and the disease control rate was 30%. All stage IV patients with a partial response progressed within 2 y, suggesting a small chance of durable responses in this group of patients.
Effect tumor-specific T cell responses by DC vaccination on ipilimumab treatment
During the DC vaccination trials, delayed-type hypersensitivity (DTH) skin-test biopsies were taken after each cycle of vaccinations. Lymphocytes out of these biopsies (SKILs) of 31 HLA-A Ã 02:01 positive patients were analyzed for antigen-specific T cells by staining with tetrameric-MHC complexes containing the gp100 and tyrosinase epitopes. Furthermore, tumor-associated antigen (TAA) specific functional responses by specific production of T-helper (Th)1 cytokines and no Th2 cytokines were measured in all patients. For the whole study population, tetramer-positive T cells against one or more epitopes, were found in 18 patients (58%) and a functional T cell response was seen in 38% of patients. Patients treated with adjuvant DC vaccination for stage III melanoma showed significantly more tumor-specific T cell responses than patients treated with DC vaccination for stage IV disease, 72% versus 33% (p D 0.009). However, no significant difference in OS since start of ipilimumab was found between patients, with or without, tumor-specific T cells in DTH skin-test biopsy sites; median OS 11.
Immune-related adverse events of ipilimumab
Immune-related adverse events of any grade occurred in 58% of the patients (Table 3 ). The most common immune-related adverse events were dermatitis (29%) and diarrhea/colitis (27%). The incidence of immune-related grade 3 adverse events was 19%, while no grade 4 events were reported. Immunerelated adverse events of any grade that led to discontinuation of ipilimumab occurred in 10% of the patients. One death due to the toxic effects of ipilimumab was reported (bowel perforation caused by inflammatory colitis).
Discussion
This retrospective study showed that ipilimumab resulted in effective clinical responses in metastatic melanoma patients who presented with advanced melanoma after previous adjuvant DC vaccination for stage III disease, while ipilimumab had only limited effect on survival in patients with progressive disease on DC vaccination for stage IV disease. The characteristics of the study participants were comparable with those of the landmark studies with ipilimumab, especially with regard to M-stage, LDH level and brain metastases. 3, 4, 23 More than 70% of the patients had M1c disease and more than 30% had an elevated LDH, both of which are associated with poor survival. 24, 25 The results of this study support the recent findings about the unlikely long-term benefit of ipilimumab treatment for patients with raised baseline serum LDH levels. 26, 27 Ipilimumab-treated advanced melanoma patients pretreated with adjuvant DC vaccination for stage III disease Table 3 . Immune-related adverse events ipilimumab. The severity of adverse events was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.02. No grade 4 adverse events were reported. One death was determined by the investigators to be related to ipilimumab (inflammatory colitis with bowel perforation). showed significantly better PFS and OS rates as compared to ipilimumab-treated patients who progressed on DC vaccination for stage IV melanoma. This might partly be caused by the difference in systemic line of treatment of ipilimumab between both groups. Theoretically, this difference might also be explained by a more effective induction of TAA-specific T cells in patients receiving adjuvant DC vaccination. However, no difference in survival was found between patients with or without TAA-specific T cells after DC vaccination. The time between induction of these T cells and start of ipilimumab might be too long in some patients to benefit from a potential synergy, or the sample size of this study was too small to detect a significant difference. Another reason might be that strengthened T cell responses by ipilimumab were not captured in our method of immunomonitoring. Patients treated with ipilimumab after adjuvant DC vaccination for stage III melanoma showed a best objective response rate of 22%, an estimated 64% of patients were still alive at 1 y, and an estimated 35% of patients were free of progression at 2 y after start of ipilimumab. Despite the small number of patients included in this retrospective analysis, these survival rates are promising in light of the results of phase three trials with ipilimumab, since these studies showed 1-y OS rates of 45.6-47.3%, and 2-y PFS rates of around 12%. 3, 4 A retrospective study with stage III melanoma patients showed a significantly better OS in patients treated with DC vaccination compared to matched controls who only received surgery. 11 Of course, these results have to be confirmed in a prospective randomized clinical trial and compared to the results of trials with adjuvant ipilimumab 28 and anti-PD-1 mAb (NCT02388906, NCT02362594). However, the fact that patients with recurrent disease on adjuvant DC vaccination still respond to ipilimumab might be an argument to choose for adjuvant DC vaccination over adjuvant treatment with ipilimumab when comparable clinical outcomes are found in these adjuvant trials, since it increases the treatment-options in case of stage IV disease after adjuvant treatment for stage III disease.
In contrast to patients pre-treated with adjuvant DC vaccination for stage III melanoma, patients who showed progressive disease after DC vaccination for stage IV disease responded very poorly to ipilimumab treatment. Hodi and colleagues found a long-term OS in 20% of pre-treated melanoma patients, 3 while all patients pretreated with DC vaccination for stage IV disease showed progressive disease within 2 y after start of ipilimumab. In theory, this difference might be explained by a selection of patients who are less prone to immunotherapy, since only patients with progressive disease after DC vaccination were included in this study, whereas the patients in the study of Hodi were predominantly pre-treated with standard of care chemotherapy. 3 However, long-lasting clinical responses were rare in trials with monotherapy DC vaccination in stage IV melanoma patient, 14, 29 which makes it unlikely that this selection bias is the sole cause of the limited effect of ipilimumab in these patients. Furthermore, the poor response to ipilimumab may be caused by the fact that more than half of the patients received ipilimumab as third or fourth line therapy. Then again, all patients showed progressive disease on ipilimumab, including the patients who received ipilimumab as second line treatment. So, besides the rare long-lasting clinical responses of DC vaccination in stage IV melanoma, the results of this study point out that monotherapy DC vaccination before ipilimumab is not preferred in stage IV patients. As an alternative, DC vaccination might be a good option as combination-therapy with ipilimumab in stage IV melanoma patients, mainly due to its favorable toxicity profile and the fact that functionality of tumor-specific T cells induced by DC vaccination could be enhanced by blocking the immune checkpoint CTLA-4. 30 Murine studies support the concept that anti-CTLA-4 increases the frequency of activated T cells and causes a favorable effector T cell to regulatory T cell ratio. 31, 32 However, not all early human studies combining anti-CTLA-4 with different forms of vaccines showed positive immunological and clinical results. 30 This suggests that potent vaccines are required to benefit from the combination with anti-CTLA-4. DC vaccination has proven to be an effective method of inducing tumor-specific T cell responses. 29 Wilgenhof and colleagues recently showed tolerability and encouraging antitumor activity, with an objective response rate of 38%, in a phase 2 study of autologous mRNA electroporated DCs in combination with ipilimumab in patients with pre-treated stage IV melanoma. 33 Further clinical investigation with the combination of DC vaccination and immune checkpoint inhibitors is warranted to determine its position in the treatment of advanced melanoma. The choice of antigens to load the DCs will probably become of great importance in these future trials, since recent findings showed that neoantigen-specific T cell reactivity may be critical to the effect of checkpoint blockade. 34 Carreno and colleagues showed it was possible to increase the breadth and diversity of melanoma neoantigen-specific T cells in peripheral blood samples of three advanced melanoma patients treated with a DC vaccine with carefully selected patient-specific neoantigens. 35 The immune-related adverse event profile of ipilimumab in patients pre-treated with DC vaccination is consistent with that reported in the previous literature; immune-related adverse events of any grade were seen in 58% of patients in this study as compared to 61-70% of patients in phase 2 and 3 trials with ipilimumab. 3, 36, 37 So, prior treatment with DC vaccination did not lead to more or worse immune-related adverse events. Patients with immune-related adverse events were treated by management algorithms with topical or systemic corticosteroids, and if necessary infliximab (antitumor necrosis factor a antibody) was given. Most immune-related adverse events were reversible with this approach, nevertheless one patient died due to a severe colitis with perforation.
In conclusion, this retrospective study showed a good clinical response to ipilimumab among advanced melanoma patients with progressive disease after adjuvant DC vaccination for stage III disease, while the effect was very limited in patients who showed progression after DC vaccination for stage IV disease. However, it is too early to conclude that prior DC vaccination for stage III disease has an additional effect on ipilimumab when given after progression upon DC vaccination, despite the fact that these patients showed promising response rates. Furthermore, pre-treatment with DC vaccination did not seem to cause an aggravation of immune-related adverse events. A prospective randomized clinical trial with DC vaccination has to show at least a comparable clinical outcome with adjuvant ipilimumab to support the future choice of DC vaccination in stage III melanoma patients, preserving ipilimumab in case of progression.
Materials and methods
Patient characteristics
We retrospectively analyzed patients who received ipilimumab for recurrent or progressive disease after pre-treatment in our DC vaccination trials. Ipilimumab was given between October 2008 and February 2015 and these patients were treated in various DC vaccination studies at our institute between February 2002 and September 2014; either as adjuvant therapy within 2 mo after radical lymph node dissection in case of stage III melanoma patients, or for patients with stage IV (advanced) melanoma. Patients treated with ipilimumab for metastatic uveal melanoma were excluded from analysis. All patients treated with DC vaccination followed by ipilimumab at some point in their course of disease, were considered to be eligible for analysis. One patient was treated with four cycles of 10 mg/ kg ipilimumab every 3 weeks, followed by 10 mg/kg every 12 weeks as maintenance therapy. All other patients received four cycles of 3 mg/kg ipilimumab every 3 weeks, unless progression or severe side-effects occurred. Patients were staged according to the American Joint Committee on Cancer 2009 criteria. 38 All DC vaccination studies were approved by the appropriate Medical Ethical Review Board and written informed consent for these trials was obtained from all patients.
Dendritic cell vaccination
Patients were treated with either monocyte-derived autologous DCs or naturally circulating DCs loaded with TAA of gp100 and tyrosinase according to a schedule of three biweekly vaccinations. DCs were pulsed with 2 gp100-derived peptides (gp100:154-162 and gp100:280-288) and a tyrosinase-derived peptide (tyrosinase:369-377) or electroporated with mRNA encoding gp100 or tyrosinase, as described before. 39 Patients received two subsequent cycles of vaccinations at 6-mo intervals in absence of recurrent or progressive disease. For the exact details of the vaccination protocols, we refer to these individual studies (NCT02285413). 13, 16, 29, [40] [41] [42] [43] A DTH skin-test was performed within 2 weeks after each vaccination cycle as described previously. 12 Briefly, DC loaded with either gp100, tyrosinase or both antigens were injected intradermally in the skin of the back of patients at different sites, and after 48 h, punch biopsies (6 mm) were taken. SKILs were analyzed for antigen-specific T cells by staining them with tetrameric-MHC complexes containing the gp100 and tyrosinase epitopes (HLA-A Ã 02:01 positive patients) and TAA-specific functional responses by specific production of Th1 cytokines and no Th2 cytokines to TAA, as described before. 12 
Response evaluation and toxicity
Patients underwent clinical evaluation at baseline and prior to each ipilimumab infusion. Furthermore, during the treatment with ipilimumab, radiological evaluations (CT or PET/CT scanning) were performed at baseline and week 12, and during follow-up around every 3 mo or when disease progression was clinically suspected. This interval could be prolonged in individual cases with a durable response. Responses were scored by Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. PFS (defined as the time from first cycle of ipilimumab to documented disease progression according to RECIST or death from any cause), OS (defined as the time from first cycle of ipilimumab to death from any cause) and the best objective response rate were analyzed.
Safety evaluations were performed in all patients and consisted of immune-related adverse events; they were scored using the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.02. Serious adverse events were determined as grade 3 or 4. Patients were treated for immune-related adverse events according to local guidelines.
Statistical analysis
Survival was calculated from the start of ipilimumab to the date of progression (PFS) or death (OS) using the Kaplan-Meier method. Statistical significance was evaluated using a log-rank test. Cox proportional-hazard models were used to perform univariate and multivariate analysis of hazard ratios (HR). Multivariate survival analysis was applied to the significant variables of the univariate analysis. A Pearson correlation coefficient (r) was calculated to measure the relationship between the PFS on DC vaccination and the PFS on ipilimumab. p values less than 0.05 were considered significant. SPSS version 22 software (SPSS Inc., Chicago) and Graphpad Prism 5.03 (GraphPad Software inc, San Diego) were used for statistical analysis. 
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